Objective: A number of adjunctive "off-the-shelf" procedures have been described to treat complex aortic diseases. Our goal was to evaluate parallel stent graft configurations and to determine an optimal formula for these procedures.
Since the report by Greenberg et al in 2003, parallel stent grafts have been used in conjunction with endovascular aneurysm repair (EVAR) to increase the aortic neck length by raising the ostium of the renovisceral vessels to a level of healthy aortic wall. [1] [2] [3] [4] Whereas the initial experiences with parallel stent grafts (chimney, periscope, and snorkel grafts) had mixed results, contemporary reports demonstrate favorable midterm results with these procedures in challenging aneurysm morphology.
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The technique has been expanded to include the aortic arch, the thoracoabdominal aorta, and even the iliac bifurcation, in both urgent and elective aneurysm repairs. 2, 10 Successful parallel stent procedures have been reported using a variety of formulas to determine optimal device oversizing, length of overlap, graft type, and parallel graft orientation; however, there is no consensus as to the optimal configuration and operative technique. 1, 2, 8, [11] [12] [13] Proponents of the parallel grafting procedure describe its utility as easily available technology and potentially cost-effective vs fenestrated, branched, and custom endografts. 1, 14, 15 There are, however, many arguments against the use of chimney grafts (CGs), particularly focusing on rate of endoleaks and branch thrombosis, with a bias toward fenestrated and branched endografts for the management of complex aortic disease. 16 We present a single institutional experience with the parallel stent graft technique along with recommendations for optimal parallel stent configuration based on this single-center experience.
METHODS
This was a retrospective review of a prospectively collected database. Before any data collection, Institutional Review Board approval was obtained for the collection of retrospective data for this study. The need for consent of the patient was waived, given the retrospective nature of data collection for the study. Data were collected for parallel stent graft cases performed between January 2010 and September 2015.
Preoperative computed tomography scans were reviewed, and all patients were categorized on the basis of the aneurysm being treated (pararenal aneurysm, juxtarenal aneurysm, type IV thoracoabdominal aortic aneurysm, para-anastomotic from previous open repair, extension from previous EVAR or thoracic endovascular aortic repair with endoleak) and whether the patient had a rupture at presentation. All planned landing zones were measured to then determine oversizing based on graft size implanted. Operative data were reviewed, and graft type and size were recorded. Total number of parallel stents as well as direction of flow into the stent (antegrade vs retrograde) was documented. Parallel stent types and the vessels they perfused were also documented. Types of stents were categorized as iCast (Atrium Medical, Hudson, NH), Viabahn (W. L. Gore & Associates, Flagstaff, Ariz), and "other." Other stents included LifeStent (Bard Peripheral Vascular, Tempe, Ariz), Formula (Cook Medical, Bloomington, Ind), Zilver (Cook), and Express (Boston Scientific, Marlborough, Mass). Configurations were categorized as well (eg, all antegrade, one antegrade and one retrograde, and so on). EVAR complication was defined as either a postoperative endoleak or parallel stent compromise or occlusion. Data from the hospitalization and all documented follow-up were captured and analyzed. All follow-up imaging was reviewed, aneurysms were measured to identify aneurysm sac growth or shrinkage, and all endoleaks were documented. All secondary interventions were captured and analyzed as well.
Statistical analysis was done using the program SAS 9.4 (SAS Institute, Cary, NC). One-way analysis of variance, Fisher exact tests, and multivariate logistic regression analysis were used to analyze the data. Our multivariate logistic regression analysis is further explained in the Results section. Kaplan-Meier analysis using the lifetable procedure in SAS was performed for overall mortality as well as for primary, primary assisted, and secondary patency. Patients who were lost to follow-up after initial postoperative examination and imaging were censored from the analysis.
RESULTS
During the study period, 78 patients were treated with a total of 144 parallel stents for a variety of pathologic processes. Table I shows a breakdown of the different pathologic processes treated. The average age of the cohort was 76.8 years at the time the procedure, with 80% of the cohort being male. The average size of aneurysms being treated was 6.3 cm; 1.8 parallel stents on average (median, 2) were placed per patient. Average follow-up for the cohort was 311 days. Thirty-day mortality was 6.4% (n ¼ 5), with an overall mortality of 14.1% (n ¼ 11), although there was a 0% aneurysm-related mortality throughout follow-up. Fig 1 demonstrates the KaplanMeier survival curve for the cohort. Table II details the demographic and follow-up data.
Adjunctive access was necessary in 76 of the 78 patients treated (97%), with the other 2 patients able to have renal snorkel stents placed from a femoral approach (endowedge technique). 17 Table II details the types and breakdown of adjunctive access. Table III details specific complications for the cohort. Table IV shows EVAR-specific complication rates broken down by graft-parallel stent combinations and parallel stent orientations.
Stent configuration. Table IV shows the breakdown of the various main body and parallel stent configurations with associated EVAR complications. We were unable to find significant correlations between any one particular configuration and overall procedural complication. We also could not find a significant correlation between total number of parallel stents employed and overall complication.
Table IV also demonstrates the various composite EVAR configurations and their associated number of complications throughout the follow-up period. Composite EVAR configuration had no significant correlation with individual snorkel compromise, endoleak, or overall EVAR or procedural complication for our cohort. The configuration most prone to individual snorkel compromise and Recommendation:
The authors suggest using parallel stent grafting as an off-the-shelf option to treat a variety of aortic diseases. They suggest antegrade snorkel configurations with optimal oversizing >20%.
overall EVAR complication was a four-stent configuration with two stents in an antegrade position and two stents in a retrograde position (60% complication rate). The configuration most prone to endoleak was one or two stents in retrograde position (33% endoleak rate), followed by three stents in an all-antegrade position (25%).
There was a significant correlation between individual stent configuration and stent compromise (P ¼ .0385), with 31.25% of retrograde stents having any complication.
Oversizing. There was a significant correlation between main body oversizing and snorkel compromise (P ¼ .0195) and overall procedural complication (P ¼ .0019). Patients were organized into the following oversizing groups for further analysis: 0% to 10%, 10% to 20%, and >20%. Those oversized into the 0% to 10% group had the highest rate of endoleak (33%; P ¼ .1576), snorkel compromise (40%; P ¼ .0566), and EVAR complication (73%; P ¼ .0003).
Multivariate logistic regression analysis. We also looked at the outcome of individual snorkel stent compromise. Fig 2 shows the Kaplan-Meier curve for primary, primary assisted, and secondary patency. After performing independent univariate analysis, we used multivariate logistic regression to assess parallel stent compromise based on the following three independent variables that had a P value of <.2 on univariate analysis: individual snorkel orientation (antegrade vs retrograde); type of stent used (iCast vs Viabahn vs bare metal); and main body oversizing (0%-10%, 10%-20%, >20%).
Our model was statistically significant with a P value of .0268. Moreover, our model found that in accounting for snorkel orientation and type of stent used, main body oversizing correlated significantly with snorkel compromise (P ¼ .0306). Specifically, oversizing the main body graft by only 0% to 10% conferred increased odds of snorkel compromise of 6.398 (95% confidence interval [CI], 1.552-26.379) compared with the baseline of 20% to 30% oversizing. We then looked at the outcome variables of 30-day mortality, endoleak, aneurysm growth, required secondary interventions, and overall EVAR complications as individual outcome variables of the following five independent variables (again using the same methods described for multivariate logistic regression): overall snorkel configuration (ie, all antegrade, all retrograde, and all other combinations); total snorkels used (one to four); main body oversizing (0%-10%, 10%-20%, >20%); type of parallel stent used (iCast vs Viabahn vs bare metal); and use of full EVAR device vs use of proximal cuff. Of the five outcome variables studied, only two models showed statistical significance. The 30-day mortality model was significant with a P value of .0287. Within this model, accounting for all other independent variables listed, total snorkels deployed correlated significantly with 30-day mortality (P ¼ .0336). Specifically, deploying only one snorkel compared with two or more snorkels conferred a decreased odds of 30-day mortality of 0.201 (95% CI, 0.046-0.883). The overall EVAR complication model was significant with a P value of .0479. Within this model, accounting for all other independent variables listed, main body oversizing correlated with overall EVAR complication (P ¼ .0019). Specifically, main body upsizing by only 0% to 10% compared with >20% conferred an increased odds of overall EVAR complications of 24.641 (95% CI, 3.836-158.294).
DISCUSSION
Parallel stent graft techniques expand the indication for EVAR and thoracic endovascular aortic repair procedures. The results of these procedures vary widely on the basis of the techniques used, graft configurations, and indications for treatment. Our results demonstrate a few key issues with regard to these complex procedures.
Stent configuration. Our results suggest an inferiority of retrograde parallel stents compared with antegrade parallel stents. Anecdotally, the authors prefer to use an antegrade configuration whenever possible, given these results; however, when required, there are a few technical aspects to keep in mind. 18 Specifically, the authors suggest giving thought to the use of covered stents to prevent type IB endoleaks with an additional layer of prosthetic coverage into the potential gutter. Gore Excluder þ iCast 6 (7. Through our data analysis, we have adopted the mentality that a total paravisceral aortic reconstruction with a parallel stent technique may be inferior to a fenestrated/custom graft repair. It is our belief that a custom/fenestrated repair is always the optimal choice when time and conditions permit, and more complex cases requiring multiple renovisceral branch coverage should await an appropriately made graft compared with the off-the-shelf parallel stent technique. 1 In order for parallel stent procedures to stand up to scrutiny and to compare favorably with other techniques for complex abdominal aortic aneurysm repair, a welldescribed set of rules is required to describe the optimal graft/CG configuration. To date, no consensus exists; however, the PROTAGORAS trial using a prospective defined protocol and a single device combination demonstrates the best published results with respect to endoleak and branch patency. 19 Initially in our experience, stent graft combinations were based on the length of stent required, with longer lengths being available for Viabahn as opposed to iCast. More recently, we have preferred the iCast/Endurant combination for antegrade renal snorkels, with the added support of the suprarenal stent to prevent the snorkel from flopping over. This decision is based primarily on data from PROTAGARAS and Performance of the Chimney Technique in the Treatment of Pararenal Pathologies (PERICLES) registries. In performing the sandwich configurations, both antegrade and retrograde, the optimal device combination preferred is Gore. The CTAG/C3 combination eliminates any uncovered stent struts.
The Viabahn has more options for length and is more flexible, although it is more difficult to deploy. Deployment sequence involves keeping the sheath in the target vessel, deploying the main stent grafts, followed by controlled deployment of Viabahn. We try to deploy the distal end to fix it in the target vessel and slowly retract the sheath and complete the Viabahn deployment while retracting the sheath and maintaining back tension. We have found that partial deployment within the target vessel and then sheath withdrawal and completion of deployment help secure the Viabahn in the target vessel and avoid its pulling back out of the vessel during deployment. This is especially true when the long 10-to 15-mm Viabahn stents are used. We have not had any instances in which the deployment is overpowered by the endograft. Having the sheath in place during initial deployment has reduced the rate of deployment issues.
Continued investigation and analysis of these procedures are required to determine the optimal device configurations. The configurations are most likely to differ on the basis of the anatomy of the aneurysm and number of vessels being treated.
Oversizing. The importance of main body oversizing cannot be overstated. Patients who had inappropriate oversizing (<10%) experienced significantly greater individual stent compromise as well as higher overall EVAR complications. This group also tended toward a higher endoleak rate as well. Review of our cohort showed that patients treated earlier in our experience had less oversizing because of a lack of big enough stent graft options. These patients would likely now either be extended more proximally to healthier and more normal diameter aorta or be considered for other procedures. Oversizing by <20% is no longer an option in our practice with these complex cases. Fig 4 shows a post operative endoleak of a patient with 0% to 10% oversizing in the setting of four parallel stents.
Optimal graft oversizing is critical to avoid creating large "gutters" in the space between the main body endograft and the parallel stents. Mestres Other authors recommend oversizing each stent graft by 20% to 30% to achieve the same goal of preventing type I endoleaks.
2,9 Donas et al 22 have looked back at the PERICLES registry to understand the effects of both oversizing and undersizing of these procedures. Defining undersizing as <20% and oversizing as > 30%, the authors explain that the goal should be 20% to 30% in these patients in general and that undersized patients are those likely requiring more aggressive postoperative intervention. 22 With respect to the parallel stent itself, general consensus recommends a 1-to 2-mm oversizing for CG based on target vessel diameter. 2 There are several limitations to this study that should be noted. First, this is a retrospective review of a singlecenter experience. Whereas the overall patient cohort is sizable, the individual categories of graft-parallel stent combinations and parallel stent orientations have smaller populations, giving our analysis less overall power. All oversizing measurements were done in a retrospective manner and could have differed from the originally intended oversizing of the operating surgeon. There was also significant loss to follow-up within our cohort.
CONCLUSIONS
Parallel stent grafting offers an off-the-shelf option to treat a variety of aortic diseases. No significant differences were found between main body and parallel stent combinations, although power to detect such differences was limited by the sample size. There is an increased risk of parallel stent and overall EVAR compromise with <10% main body oversizing. Thirtyday mortality is increased when more than one parallel stent is placed. Antegrade configurations are preferred to any retrograde configuration with optimal oversizing > 20%. A maximum of three stents are suggested; however, if four stents are required, an all-antegrade configuration is preferred. 
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